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Background: The aim of this study is to evaluate the relationship between frontal 
sinus morphology and hand-wrist bone maturation by using postero-anterior (PA) 
cephalometric radiographs. 
Materials and methods: The study sample consisted of 220 patients divided 
into 11 groups based on the hand-wrist radiographs. The right and left maxi-
mum height, width and area of the frontal sinus parameters were measured in 
PA cephalometric radiographs of 220 subjects aged 8–18 years. The hand-wrist 
skeletal maturation stages were evaluated on the hand-wrist radiographs using 
the method of Fishman. The Kendall tau-b values were analysed to evaluate the 
correlation between the hand-wrist skeletal maturation stages and the frontal 
sinus parameters. 
Results: The right and left frontal sinus areas and widths were found to be larger 
in males than in females (p < 0.05). In males, a significant difference was ob-
served in all frontal sinus parameters in different maturation stages (p < 0.001), 
while a statistically significant correlation was found in females between the left 
frontal sinus area, right frontal sinus height, right frontal sinus width and different 
maturation stages (p < 0.05). 
Conclusions: The relationship between frontal sinus dimensions obtained from 
PA cephalometric radiographs and hand-wrist maturation stages suggests that 
frontal sinuses can be used in determining growth and development. (Folia 
Morphol 2018; 77, 3: 503–508)
Key words: frontal sinus dimension, growth spurt, hand-wrist 
radiographs
INTRODUCTION
In orthodontic treatment planning, it is important 
to know the growth potential of craniofacial region. 
The stage of growth spurt in the adolescent or pre-
adolescent period has a significant effect on both 
planning of orthodontic treatment and maintenance 
of the results obtained after orthodontic treatment 
[8]. Different parameters are used to describe pu-
bertal growth in children. Some of the parameters 
that are used in determining pubertal growth spurt 
by assessing growth and development in adoles-
cence are chronological age, pubic hair appearance 
in males and females, menstruation onset in females, 
radiographic evaluation of bone maturation stages 
and evaluation of tooth calcification stages [8, 16].
The hand-wrist radiographs are frequently used in 
orthodontics and paediatric dentistry in order to eval-
uate skeletal maturity. The hand-wrist radiographs are 
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preferred because hand-wrist bones can be examined 
in a single radiographic image and constitute a region 
that can be radiographically well analysed [7, 8]. It is 
also considered to be the most reliable method for 
assessing skeletal maturity because of the presence of 
a large number of bones and the opportunity it pro-
vides to observe ossification in a wide time interval, as 
the ossification time of the epiphysial and diaphysial 
parts of the finger bones differs [2, 6].
The frontal sinuses are paranasal sinuses sur-
rounding the nasal cavity, which are analysed during 
routine examinations before orthodontic treatment 
and among structures visible in lateral and postero-
anterior (PA) cephalometric radiographs [3]. Unlike 
other paranasal sinuses, the frontal sinuses are not 
visible at birth and can be radiographically seen at 
4–6 years [5, 11, 17]. The height, width, and volume 
of frontal sinuses continue to increase until the age 
of 20 [17]. Studies demonstrated that frontal sinuses 
develop simultaneously with growth. Researchers 
reported that the size of frontal sinuses is related to 
the growth pattern and grade of craniofacial struc-
tures [14, 15]. 
Although there are a limited number of studies 
that evaluated dimensions of frontal sinuses and 
skeletal maturity by using lateral cephalometric ra-
diographs [13, 15], we could not find any study that 
determined a relationship between the size of frontal 
sinuses and hand-wrist bone maturation by using PA 
cephalometric radiographs. The aim of this study is 
to evaluate the relationship between frontal sinus 
morphology and hand-wrist bone maturation by us-
ing PA cephalometric radiographs.  
MATERIALS AND METHODS
This study was designed as a retrospective and 
cross-sectional research study. The samples were de-
rived from the pretreatment hand-wrist radiographs 
and PA cephalometric radiographs of orthodontic 
patients visiting our dental clinics at Ordu University, 
Faculty of Dentistry in Ordu University, Turkey. The 
sample size was calculated based on a power analysis 
using G*Power Software version 3.1.9.2 (Universität 
Düsseldorf, Germany) for a right frontal sinus area at 
alpha error probability of 0.05 and a power of 95% 
(effect size = 1.0095429) [3]. The power analysis 
showed that 44 samples were required, totally. How-
ever, our total sample size was 220 subjects, and we 
divided into uniformly-sized 11 group and 20 subjects 
in each developmental stage. Skeletal maturation 
stage of each hand-wrist radiograph was determined 
according to the method described by Fishman [6].
The patients within the age range of 8–18 years 
were included in this study; they were at different 
stages of skeletal development. Patient without sys-
temic disease and having normal overall growth and 
development were considered for the study. Patient 
with low-quality hand-wrist radiographs and PA 
cephalometric radiographs; those who had under-
gone previous orthodontic treatment or permanent 
tooth extraction; subjects with any developmental 
endocrine or nutritional disorders; and subjects with 
history of injury or trauma to the face or hand and 
wrist regions have been excluded from the study. 
Also, patient with sinus-related trauma, patholo-
gies or surgery involving the frontal sinus were not 
included in the study.
The hand-wrist radiographs analysis was evalu-
ated according to the Fishman skeletal maturation 
stages. Patients’ skeletal ages were determined by 
the same researcher (A.K.) by evaluating hand-wrist 
radiographs using the Fishman method. For every 
subject, the frontal sinus dimension parameters ob-
tained in the PA radiograph was correlated with the 
hand-wrist skeletal maturity obtained with Fishman 
method in the hand-wrist radiograph (Fig. 1).
All frontal sinus parameters were determined in 
PA radiographs. For determining frontal sinus dimen-
sions, the Z line was considered as both the upper 
border of orbital cavity and the lower border of the 
frontal sinus. The right and left area of the frontal si-
nus, the right and left height, the right and left width 
parameters of the region above the bottom line of 
the frontal sinus were taken as the measurements. 
Figure 1. Different postero-anterior cephalometric radiographs 
correlated with the hand-wrist skeletal maturity by using Fishman 
method. 
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The separation of the frontal sinuses into the right 
and left sides are based on the main midline septum 
of the frontal sinus. The difference between the low-
est and highest points on the right and left sides of 
the frontal sinus represented the heights specified 
as ‘A’ and ‘B’. The widths specified as ‘C’ and ‘D’, 
indicated the width difference between the medial 
and lateral points on the right and left sides of the 
frontal sinus (Fig. 2). All PA cephalograms were ob-
tained by the same cephalometric film device (Kodak 
8000C Digital Panoramic and Cephalometric System, 
Cephalostat, Corestream Health Inc, France) and the 
patients’ Frankfurt plane parallel to the ground plane. 
Linear measurements of the frontal sinus were done 
by using a cephalometric software programme. Areas 
of the frontal sinus dimensions were obtained using 
Image J analysis software by calibrating (NIH Image, 
Bethesda, USA). 
Statistical analysis
All measurements were statistically analysed by 
using SPSS (SPSS for Windows version 20.0; SPSS Inc, 
Chicago, IL, USA) programme. After performing the 
normal distribution test, non-parametric tests were 
applied to the parameters with non-normal distribu-
tions, while parametric tests were performed to the 
parameters having a normal distribution. In inter-
gender comparisons, independent t-test and Mann-
Whitney U test were used. Comparisons between 
frontal sinus dimension measurements among the 
different hand-wrist skeletal stages were performed 
using the Kruskal-Wallis test. Correlation between the 
hand-wrist skeletal maturational stages and frontal 
sinus parameters were based on the Kendall tau-b 
correlation coefficient in both sexes. In all tests, values 
of p < 0.05 were considered statistically significant.
In order to determine intra-observer reliability, 
44 PA cephalometric and hand-wrist radiographs 
from each group were reevaluated by the same ob-
server 4 weeks after the first assessment. Intra-class 
correlation coefficient and kappa statistics were used 
to evaluate intra-observer reliability.
RESULTS
The intra-class correlation coefficients for the 
frontal sinus measurements were > 0.990, and the 
intra-observer kappa statistic was 1.00, confirming 
the measurement reliability. The height, width, and 
surface area comparisons of right and left frontal 
sinuses are given in Table 1. The right and left frontal 
sinus areas and widths were found to be larger in 
males than in females. And this difference is statisti-
cally significant (p < 0.05). However, the heights 
of both right and left frontal sinuses did not differ 
between sexes (p > 0.05).
In males, a significant difference was observed in 
all frontal sinus parameters in different hand-wrist 
maturation stages, while a statistically significant 
correlation was found in females between the left 
frontal sinus area, right frontal sinus height, right 
frontal sinus width and different hand-wrist matura-
tion stages (Table 2). 
Statistically significant differences were found in 
all frontal sinus parameters in different hand-wrist 
maturational stages in males (p < 0.001), whereas 
statistically significant differences were found in right 
and left frontal sinus areas and right and left frontal 
sinus heights in females (p < 0.05) (Table 3). 
DISCUSSION
The frontal sinuses, which are located between 
the external and internal cortical layers of the frontal 
bone, are anatomically called pneumatic cavities [5]. 
Frontal sinuses, which are not visible radiographically 
at birth, begin to appear from 3 years and 3 months 
in males and 4 years and 6 months in females [1]. 
The size of frontal sinuses increases with age and 
consequently continues to grow until the age of 
20 years [12]. In our study, the area, height and 
width of frontal sinuses were assessed in both sexes 
according to hand-wrist developmental stages at 
different age groups. In addition, like the study by 
Mahmood et al. [13], individuals over 8 years of age 
were included in our study. 
Figure 2. Diagrammatic measurements of the frontal sinus dimen-
sions. A, B, C, D, Z abbreviations — see text.
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Table 2. Correlation between frontal sinus measurements and hand-wrist skeletal maturational stage
Parameters Sex Correlation coefficienta P
Right frontal sinus area
Male 0.377 < 0.001
Female 0.140 0.059
Left frontal sinus area
Male 0.436 < 0.001
Female 0.202 0.006
Right frontal sinus height
Male 0.333 < 0.001
Female 0.168 0.024
Left frontal sinus height
Male 0.387 < 0.001
Female 0.127 0.086
Right frontal sinus width
Male 0.315 < 0.001
Female 0.202 0.006
Left frontal sinus width
Male 0.347 < 0.001
Female 0.026 0.729
N = 220, aKendall’s Tau-b correlation values
Table 1. Comparison of frontal sinus measurements between sexes
Parameters Male Female Pa
25th percentile Median 75th percentile 25th percentile Median 75th percentile
Right frontal sinus area [cm2] 1.43 2.45 3.47 1.25 1.84 2.57 0.011
Left frontal sinus area [cm2] 1.35 2.54 3.84 1.27 2.02 2.69 0.022
Right frontal sinus height [mm] 10.53 15.85 19.70 10.53 14.20 16.90 0.097
Left frontal sinus height [mm] 10.65 15.10 19.68 10.83 13.70 17.90 0.300
Mean SD SE Mean SS SE Pb
Right frontal sinus width [mm] 27.40 7.53 0.67 24.75 6.49 0.68 0.007
Left frontal sinus width [mm] 27.42 7.93 0.70 25.10 7.10 0.74 0.026
aResults of Mann Whitney U test; bResults of independent t test; SD — standard deviation; SE — standard error
In our study, right and left frontal sinus areas 
and right and left frontal sinus heights were greater 
in males than females. These results are compatible 
with those of Camargo et al. [3], who evaluated 
morphologic structure of frontal sinuses by using PA 
cephalometric radiographs. Moreover, height and 
width of frontal sinuses were compared with the de-
velopmental stages of cervical vertebrae in the study 
of Mahmood et al. [13]. At the end of the study, they 
found that the width and height of the frontal sinuses 
were higher in males than females. In addition, they 
found a statistically significant relationship between 
the width and height of frontal sinuses and develop-
mental stages of cervical vertebrae in both sexes. In 
our study, a statistically significant correlation was 
observed between all frontal sinus parameters and 
different hand-wrist maturation stages in males, while 
here was a statistically significant correlation between 
left frontal sinus area, right frontal sinus height, right 
frontal sinus width and different hand-wrist matura-
tion stages in females. In our study, the morphological 
structure of the frontal sinuses was evaluated through 
PA cephalometric radiographs, while Mahmood et 
al. [13] performed their evaluations by using lateral 
cephalometric radiographs. Furthermore, they de-
termined skeletal bone maturation through cervical 
vertebrae, while we used hand-wrist radiographs in 
our study as a more accurate method to evaluate 
skeletal maturation.
Gagliardi et al. [9] examined the relationship be-
tween frontal sinus development, body height and 
ossification stages of hand-wrist bones as a skeletal 
maturation method. The material of the study con-
sisted of lateral cephalometric radiographs of 31 
Aboriginal Australians between 7 and 18 years of 
age to assess their frontal sinuses, hand-wrist radio-
graphs to assess their skeletal maturation and body 
heights of these individuals included in the study. As 
a result of their study, they found a close relationship 
between frontal sinus development and ossification 
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stages of hand-wrist bones. In addition, they reported 
that the relationship between developmental rapid-
ity of frontal sinuses and ossification of hand-wrist 
bones may be a used as a useful parameter to predict 
pubertal growth development stage in orthodontic-
paediatric clinical practice. In our study, differently 
than in this study, frontal sinuses were evaluated 
using PA cephalometric radiographs. While Gagliardi 
et al. [9] used Grave and Brown’s method [10] on 
hand-wrist bones to assess skeletal maturation, we 
used Fishman’s method, which is frequently used 
in orthodontic practice, in our study. Similar to the 
study by Gagliardi et al. [9], a statistically significant 
correlation was observed between all frontal sinus pa-
rameters and different hand-wrist maturation stages 
in males, while there was a statistically significant cor-
relation between left frontal sinus area, right frontal 
sinus height, right frontal sinus width and hand-wrist 
maturation stages in females.
Similarly to our study, Ruf and Pancherz [15] also 
found a relationship between developmental stages 
of frontal sinuses and skeletal maturation of hand-
wrist bones in their study where they suggested that 
frontal sinuses can be used as skeletal and somatic 
maturation indicators. However, they evaluated fron-
tal sinuses by using lateral cephalometric radiographs 
and skeletal maturity using Hagg and Taranger’s 
method on hand-wrist radiographs and they included 
only male subjects in their studies. Based on the re-
sults of their study, they concluded that the size of 
frontal sinuses could be used to determine pubertal 
growth and development, as frontal sinuses exhibit 
a similar pattern after an average of 1.4 years from 
reaching the peak height. In our study, we think that 
frontal sinuses with all parameters can be used to 
determine pubertal growth and development in males 
and with some parameters in females. Unlike Ruf 
and Pancherz’s study [15], we used anteroposterior 
cephalometric images in which frontal sinuses were 
observed in a larger area and Fishman’s method to 
evaluate skeletal maturity from hand-wrist bones.
It is very important to determine pubertal growth 
and development stages of patients in order to deter-
mine an orthodontic treatment plan. It was suggested 
with this study that PA cephalometric radiographs of 
frontal sinuses can be used for this purpose. How-
ever, our study was a retrospective archival study and 
conducted on two-dimensional radiographs not to 
expose patients to extra radiation. In order to sup-
port the results of our study, longitudinal studies with 
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three-dimensional cone beam computed tomography 
images are needed. 
CONCLUSIONS
The study results revealed that the right and left 
frontal sinus areas and widths were larger in males 
than in females. A significant correlation was found 
between all frontal sinus parameters and different 
hand-wrist maturation stages in males, while there 
was a statistically significant correlation between left 
frontal sinus area, right frontal sinus height, right 
frontal sinus width and different hand-wrist matura-
tion stages in females. In conclusion, the relationship 
between frontal sinus dimensions obtained from PA 
cephalometric radiographs and hand-wrist matura-
tion stages suggests that frontal sinuses can be used 
in determining growth and development.
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